Why do clinicians continue to perform gated blood pool imaging when other methods are available to assess left ventricular (LV) ejection fraction (EF)? One reason is that blood pool scanning continues to be the method favored for serial LV EF evaluations to detect cardiotoxicity caused by anthracycline therapy for several cancers in adults, 1, 2 and for Hodgkins disease in children. 3 Echocardiography is considered inadequate for this purpose, 3, 4 cardiac CT delivers considerably higher radiation dose than would be desirable for serial evaluations, and cardiac MRI is not widely available. For evaluation of cardiotoxicity, simultaneous perfusion assessment is not required, because anthracyclines cause generalized myocyte failure throughout the myocardium in a uniform fashion, manifest as global hypokinesis. 5 Planar blood pool scans have the advantage of simplicity and enable reproducible EF values. 6 EF reproducibility to within 5% has been considered a minimal requirement due to observations that a drop of more than 5 EF points from rest to stress is a significant prognostic indicator, signaling a high likelihood of future adverse cardiac events. [7] [8] [9] Building on those technical foundations, most clinicians consider a drop of more than 5 EF points due to chemotherapy to be clinically significant, with an overall decline below LVEF of 50% to be of serious concern. 3, 10 Many patients undergoing chemotherapy are followed for several years after baseline assessment of cardiac function. Due to recent advances in technology, in the current nuclear imaging environment this can present referring physicians with a dilemma. They may have a long history of interpreting the implications of changes in planar blood pool EF values for patients in general, and have serial measurements for their own individual patients. Now they are confronted with an increasing prevalence of imaging facilities that are incapable of performing planar blood pool imaging, but instead have solid state SPECT capability, of which the referring physicians are told are superior to planar cameras. How are they going to interpret new EF results, and how will they subsequently manage their patients, when they are no longer able to obtain planar blood pool EF measurements in patients for whom they have successive planar blood pool EF values determined over many years?
In ''Assessment of an Intermediate Reprojection Technique Transitioning from Planar to SPECT Radionuclide Ventriculography'' in the current issue of the Journal, 11 O'Doherty et al report similar EF values obtained by reprojected SPECT blood pool tomograms when compared to data in the same patients who also had conventional planar blood pool acquisitions. Why would there be any question that a reprojected tomogram would produce different EF values than if planar data had been acquired instead? One reason is that the reconstruction process requires multiple choices from among several available options. True maximum likelihood estimation maximization (ML-EM) iterative reconstruction algorithms involve lengthy computations and are not commercially available 12 ; rather, accelerated iterative ordered subset estimation maximization (OSEM) algorithms are implemented instead. 13 In OSEM, choices of numbers of iterations and subsets to use will influence image smoothness, and there is wide latitude in choosing these parameters. Following OSEM reconstruction, many laboratories apply additional image filters to provide an overall smoother appearance to the reconstructions. In fact, O'Doherty et al 11 applied a standard Gaussian filter after OSEM reconstruction in their investigation. Recognizing this in their study design, the authors addressed this issues by analyzing three types of data: planar data, SPECT data, and reprojected SPECT data.
The authors chose to use Anger detectors for all data collections. This was a prudent decision that helped to reduce variables, even though other investigators have reported planar blood pool LV EFs to be statistically similar to SPECT blood pool EFs obtained with a dedicated solid state CZT SPECT camera.
14 Nonetheless, if O'Doherty et al had compared reprojected tomograms acquired with a solid state detector to planar data acquired with an Anger camera they would have had the additional variables of different counts, energy resolution, and spatial resolution characteristics between the two detector systems. Also, the authors chose not to apply attenuation, scatter, or resolution recovery corrections to their tomographic reconstructions, which were also appropriate choices, since these corrections could not have been applied to planar data.
This raises the question of whether results would have been different with attenuation and scatter corrections of tomograms, and perhaps future investigations will address these questions. The attenuation correction experiments reported by Sundram et al 15 are intriguing in this regard, but further work in this area would likely prove revealing. Such experiments ideally would be conducted with an independent imaging reference standard of higher spatial resolution, such as CMRI or CT. In the experimental design reported here, an independent reference standard was not used, and really was not required.
So, to what extent has this carefully designed study succeeded in providing convincing evidence that EFs computed from reprojected tomograms are equivalent to planar blood pool images? The Bonferroni-corrected probability values and the Bland-Altman results indicate equivalent tests. However, these results need to be taken with a grain of salt, because the Bland-Altman limits of agreement are wide. In higher EFs, this finding would be less worrisome because those patients most likely have normal LV function. Higher EFs frequently are associated with patients with smaller end-systolic volumes, for which partial volume effects become more significant than for the larger ventricles, 16 and one makes allowances for that circumstance. However, O'Doherty et al found large Bland-Altman limits of agreement, on the order of 5%, not only for high EFs but also for EFs\50%, and this needs to be investigated further. It would have been interesting to see logistic regression analyses of factors associated with cases for which SPECT and planar LV EFs disagreed by more than 5%. To be definitive, this likely would require a larger sample size than the 47 subjects analyzed in this study, to enable analyses for subgroups of patients. Factors likely to be associated with discrepant computations include background counts and LV size. The authors list as an advantage of SPECT over planar the supposed independence of background counts, but it should be recognized that in order to segment the LV, SPECT algorithms depend on either count gradient searches or count thresholding, the latter of which has been reported to be the more accurate approach. 17 Whichever approach is followed, higher background count levels of neighboring tissue will influence LV segmentation and computed LV size. Also, for a series of progressively smaller ventricles, partial volume effects progressively decrease maximum LV signal, which also would affect LV segmentation by gradient searches or count thresholds. Consequently, it is optimistic to believe tomographic blood pool imaging can provide accurate LV volumes. Comparisons against CMRI routinely show better correlation for LV EFs than for LV volumes. 18, 19 Regarding advantages of SPECT blood pool imaging over planar blood pool imaging, among those listed in the accompanying article are the ability to reorient the tomograms after data have been acquired, as opposed to requiring the expertise and time needed to sequentially reposition a conventional Anger camera so as to optimize separation of LV from the RV for a best septal view. This can be a challenging task, especially when count rates are low, such as for obese patients. Also, left atrial size varies markedly and can be below the partial volume limit, and the atrium can wrap around the LV so that visual separation in a planar projection can be impossible. Consequently, the time taken to attempt reorienting a planar camera in order to visualize the left atrium sometimes will be wasted effort. Reorienting the data after tomographic acquisition should be the more successful approach. Since the tomogram contains all acquired counts there is the most information available to achieve optimal reorientation, as opposed to much fewer counts available during the acquisition process.
O'Doherty et al also present evidence for the accuracy of phase information from reprojected tomograms, although for only ten data pairs rather than for the entire patient population, as the latter would have been more convincing. While phase analysis has a very long history for planar blood pool imaging, 20 SPECT enables fully 3D regional phase and regional EF information, and so can corroborate phase abnormalities seen on planar scans indicative of infarction or dyssynchrony. 21 Solid state cameras have been championed as moving nuclear imaging technology forward in the realm of myocardial perfusion imaging. With their higher sensitivity, better energy resolution and better spatial resolution than conventional Anger detectors, 22 they may also advance SPECT blood pool imaging. 23 If the atrium is sufficiently large, 3D phase analysis may help separate atrial from ventricular counts, and this will more often succeed for solid state cameras, as these have superior spatial resolution over conventional planar Anger cameras. Consequently, with solid state detectors it should less often be problematic to separate the cardiac chambers because of partial volume effects. 16 There is little doubt that there is a clinical role for reprojecting SPECT blood pool data. Will there also be investigatory opportunities afforded by reprojecting SPECT blood pool data? Possibly. For decades, it has been common practice to estimate background correction counts by drawing a crescent-shaped region beyond the lateral-free wall of the LV and tabulating mean counts per pixel, which then are used to subtract background counts from end-diastolic and end-systolic LV counts. Tomographic reprojection now enables exploring the validity of this approach, and quantifying the degree to which that has been an adequate approximation. Particularly with corrections for scatter, attenuation, and resolution recovery, true background counts should be obtainable, at which point accuracy of correcting planar data by sampling planar lung counts can be gauged. The accuracy of algorithms that have been used to compute LV volumes from planar data, and are widely commercially available, also can be tested against tomography, 24 also can be tested against tomography.
Other research areas for SPECT blood pool imaging, not confined to reprojecting tomograms, include RV as well as LV regional phase and regional EF. SPECT blood pool imaging may enable more accurate measurements of the role of right ventricular parameters in assessing prognosis, as suggested by some planar blood pool studies. 25 The advantages of SPECT blood pool imaging over SPECT myocardial perfusion imaging in cases of severe hypoperfusion, and prospects for obtaining tomographic blood pool images during PET bolus injections, may well expand the way in which 82 Rb PET data are analyzed, and tomographic analyses of first pass data obtained during dynamic SPECT acquisitions. 26 In summary, the article by O'Doherty et al provides convincing evidence that reprojected planar gated blood pool images provide similar LV EF values as actual planar studies, though leaves some questions open as to the circumstances under which values differ by 5% or more. Insofar as tomographic data are inherently richer than planar data, further analyses of the relationships between functional parameters computed from these two types of data should provide further insight into the situations in which agreement is suboptimal, particularly if studied in conjunction with a further, third, reference standard of higher spatial resolution, such as CMRI.
